Abstract. We propose an approach to investigate the possible internal motions of three-body quantum-mechanical systems held together by pairwise potentials. The method utilizes the "shape-density" functions which we define and then extract from the eigenwave functions of the system. Through these densities we determine the dominant geometric configurations and modes of internal motion of the 0 +, 2 + and 4 + states of a model three-boson system with and without a repulsive core in the interaction.
Introduction
A topic very much under study in atomic physics is the question of strong correlations among the electrons of the system [1] [2] [3] [4] . The resurgent interest in understanding electronic correlations arose in the main, because some doubly-excited states of He were recently found to project a dumb-bell shape for the atomic system and that their spectroscopy can be explained in terms of the motions of this "rigid" object rather than the atomic shell model [1 ] . It seems that correlations between the two electrons of this simple system sometimes enforce a definite geometric structure for the atom. A parallel study of constituent correlations and their geometric manifestations in few-body molecular and nuclear physics is only just burgeoning [5] [6] [7] .
Our intent in this paper is to report on the characteristics of the internal motions which arise within a model bound three-body quantum-mechanical system and to suggest that these features are closely linked to the form of the pairwise interaction chosen. This work and our earlier efforts represent oniy the first step towards the development of a complete understanding of interparticle correlations in general few-body systems. We believe that these correlations are determined by the extant pairwise interactions and the spatial permutation symmetry imposed upon the wave functions of the states of these systems. We * Research supported in part by NSF Grant No. PHY83-06584 and by The Science Fund of the Chinese Academy of Sciences note that the most important permutation symmetry in nature is complete symmetry, so, for the time being, we are confining ourselves to studying only this case which corresponds to a spinless boson system. As for the type of interaction chosen for this work, we stress that a very important and common form of twobody interaction in physics consists of a repulsive core matched to an attractive taft, so we use this potential here. The case of long-range interactions is more difficult to handle with our method and lies beyond the scope of this paper.
Obviously, in order to understand the correlations within any quantummechanical few-body system, we must first realize accurate sets of its wave functions by solving its SchrSdinger equation. Then from these wave functions we can extract a number of different "correlated densities". Any internal motion can be pictured as the evolution of a shape, so we single out from among these densities the "shape-density" through whose examination we gain insights into geometric aspects of interparticle correlations. We concentrate our efforts here on the analysis of this particular density and its implications. It is our hope that the model system chosen for this study will reveal the general shape and motional features which might be expected in physical systems ranging from the triton to :2C, as three alphas, to trimers of 4He and other rare-gas atoms.
2 The Three-Body Shape-Density
We consider for convenience a three-particle system, where the particles have no internal structure, obey Bose-Einstein statistics, and have the same mass as the alpha particle (3728 MeV). The pairwise potential is chosen to be the sum of two Gaussians
where the parameters V: and V2 will be varied. The eigensolutions of the Schr6-dinger equation are expanded via translational-invariant harmonic-oscillator product states up to a certain number of quanta. The width of the harmonic oscillation, the only adjustable parameter in the calculation, is chosen to minimize the lowest state of a given total angular momentum L. To avoid a major computer effort, we have used 161 basis-functions for the 0 § states, 134 for the 2 § and 146 for the 4 § states, then diagonalized the Hamiltonian to obtain eigenstates manifesting complete permutation symmetry. (In some of the less important 0 + cases, we used 95 basis-functions.) Details of this variational approach can be found in refs. [6] [7] [8] . Our results for the 0 § states are very accurate (e.g., the error AE/E for the ground state is less than 0.0002), but are less so for the 2 § and 4 + states. Nonetheless, all our computed results are of sufficient reliability as to allow us to extract qualitative information about the geometric configurations and shapedensities of the system. With the normalized solution ~, we have
